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Abstract 

[Object] To mount to a sleeping subject and simultaneously measure a posture and respiratory 
movement. 

[Construction] A device includes a posture sensor 1 having a plurality of mercury switches SI - 
S3 for detecting a posture and a respiration sensor R for detecting respiratory movement, a ROM 
4 for previously storing posture display patterns corresponding to the postures; and a counter 5 
for outputting an addressing signal to read the corresponding posture display pattern from the 
ROM 4. 

[Claim] 
[Claim 1] 

A posture sensor device comprising: a posture sensor including a plurality of switches for 
detecting a posture and a respiration sensor for detecting respiratory movement; a memory 
means for previously storing posture display patterns corresponding to respective postures; and a 
counter for outputting an addressing signal for reading from the memory means a corresponding 
posture display pattern. 

[Detailed Description of the Invention] 

[0001] 

[Field of Industrial Application] 

The present invention relates to a posture sensor device for detecting postures and respiratory 
movement, for example, during sleep. 

[0002] 

[Background Art] 

Conventionally, for example, in measurement of sleep apnea, postures and respiratory movement 
are measured by using separate means. As a means for detecting respiratory movement, a 
respiration sensor which has a stretchable belt and a strain gauge attached thereto and is wound 
around a chest is known. Since the chest circumference changes in response to respiration and 
this change results in the change in resistance of the strain gauge attached to the belt, the 
respiratory movement can be measured by detecting the change in resistance. Alternatively, 
another respiration sensor is also known which, instead of the strain gauge, includes an elastic 
body such as rubber containing carbon mixed therein and is wound around the chest of a living 
body to detect the change in resistance due to expansion and contraction of the chest during 
respiration, thereby measuring the respiratory movement. 
[0003] 

Further, as shown in FIG. 5, in a case of measuring the posture during sleep such as left-facing 
state, right-facing state, or prone state, a posture sensor Sh configured with three mercury 
switches is attached onto the chest of the living body, thereby detecting the postures. In the 
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measurement, the posture sensor Sh is fixed to the living body by a living body adhesive tape, 

bandage or the like. 

[0004] 

As shown in FIG. 6, the posture sensor Sh is configured such that three mercury switches dl-d3 
are unified in a main body 60. Respective one ends of the switches are commonly connected. 
Respective ON/OFF signals from the other ends of the switches are outputted via lead wires 61. 
[0005] 

FIG. 7 shows a schematic configuration of one of the mercuiy switches used in the posture 
sensor in FIG. 6. As can be clearly understood from the figure, the mercury switch has mercury 
Hg encapsulated in a glass tube Tu, an electrode Ea disposed at one end of an inner wall, and an 
electrode Eb disposed at the other end. A metal film is deposited on the whole circumferential 
inner surface from the electrode Eb to the area near the electrode Ea within the glass tube Tu and 
is electrically connected with the electrode Eb. Accordingly, if the glass tube Tu is inclined, 
then the mercury Hg moves in response to the inclination of the glass tube Tu, and changes the 
connection state between the electrodes Ea and Eb, thereby making them electrically conductive 
(ON) or non-conductive (OFF). Thus, the mercury switch can be used as an ON/OFF switch 
for detecting the inclination state and/or rotational state of a measured subject. 
[0006] 

[Problem to be Solved by the Invention] 

However, as described in conventional cases above, the respiratory movement and the postures 
are detected by separately using the respiration sensor and the posture sensor. Accordingly, the 
preparation for mounting sensors requires time and also there is complication in handling or 

routing lead wires, etc. 
[0007] 

In the detection of postures, since the three mercury switches are unified to configure the posture 
sensor of a large size, the sensor hinders itself from being fixed to the living body and pushes the 
chest in the prone state, thus disturbing sleep. Further, since the detected posture is represented 
by an analogue signal, it is diflFicult to interpret the posture. 
[0008] 

Therefore, an object of the present invention is to provide a posture sensor device which 
facilitates mounting and can simultaneously measure the posture and the respiratory movement 
and display the posture state that is interpretable at a glance. 
[0009] 

[Means for Solving the Problem] 

A posture sensor device of the present invention includes, for example, as shown in FIG. 1: a 
posture sensor 1 including a plurality of switches SI through S3 for detecting a posture and a 
respiration sensor R for detecting respiratory movement; a memory means 4 for previously 
storing posture display patterns corresponding to respective postures; and a counter 5 for 
outputting an addressing signal for reading from the memory means a corresponding posture 
display pattern. 
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[0010] 
[Operation] 

The change in the posture and the respiration signal of a sleeping subject are simultaneously 
detected by the posture sensor For the change in the posture, in response to the detection signal 
from the three mercury switches, a corresponding posture display pattern is read from the 
previously stored posture display patterns and then the corresponding posture display pattern is 
displayed together with a respiratory curve on a display device. This allows simultaneous 
detections of the posture and the respiratory movement and an interpretation at a glance of the 
display pattern corresponding to the change in the posture during sleep. 
[0011] 

[Embodiment] 

An embodiment of a posture sensor device in accordance with the present invention will be 
described with reference to FIGs. 1-4. In FIG. 1, a reference numeral 1 denotes a posture sensor 
for detecting a posture and respiratory movement, which is configured with three mercury 
switches SI -S3 for detecting a posture and a respiration sensor R for detecting the change in 
resistance in response to the expansion and contraction of the chest due to the respiratory 
movement of a living body. Each of the mercury switches SI -S3 of the posture sensor 1 is 
placed in a predetermined position, and detects the posture direction via an ON or OFF signal. 
One terminal of each of the mercury switches SI -S3 is grounded. A detection signal from the 
other terminal is supplied to a waveform shaping circuit 3. Further, one terminal of the 
respiration sensor R is grounded, and the other terminal is connected to an amplifier 2 for 
amplifying a detection signal. 
[0012] 

FIGs. 2 and 3 show a detailed configuration of the above-described posture sensor and an 
exemplary mounting of the posture sensor to a living body. In FIG. 2, the respiration sensor R, 
similarly to conventional sensors as described above, can be configured with either strain gauge 
or conductive rubber including carbon therein. In this embodiment, the conductive rubber is 
used for the respiration sensor R. The respiration sensor R is mounted to a belt 20 formed of 
stretchable fabric, etc. Since the belt 20 expands or contracts in response to the fluctuation of 
the chest movement during respiration, the resistance value also changes in response to the 
expansion or contraction. At both ends of the front and back surfaces of the belt 20 there are 
secured fastening members MT which utilizes fiber intertwining to fasten. 
[0013] 

The mercury switches SI -S3 are attached onto the belt 20 by an adhesive, etc. The intervals 
between the mercury switches are predetermined so that when they are attached to the chest of 
the living body, the mercury switches SI -S3 are approximately placed in their predetermined 
positions, respectively. Alternatively, since the chest circumferences are different depending on 
subjects, each position of the mercury switches S1-S3 attached to the belt 20 with double-faced 
adhesive tapes may be adjusted depending on the chest circumferences of the subject when the 
belt is mounted to the living body. Lead wires from the respiration sensor R and the mercury 
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switches SI -S3 extend outside together through the end of the beh 20. 
[0014] 

FIG. 3 schematically shows only the attachment positions of the mercury switches and the 
respiration sensor on the living body. In FIG 3, if the posture sensor 1 is mounted, the mercury 
switches SI -S3 are fixed generally to the predetermined positions of the living body. 
Specifically, the mercury switches SI, S2, and S3 are placed in a position adjacent to the back of 
the living body, on the left side of the chest, and substantially at the center of the chest, 
respectively. Although the respiration sensor R is placed slightly to the right, it can be attached 
in any position except ones, such as where the mercury switches SI -S3 and the lead wires 
occupy. Each of the mercury switches SI -S3 is attached in its predetermined orientation such 
that ON/OFF signals corresponding to the postures are outputted as shown in the following Table 
1. However, it can be understood that the output signals of the mercury switches SI -S3 are not 
limited to this example, and can be arbitrarily set in consideration of the attachment positions 
and orientations thereof according to circumstances. 
[0015] 
[Table 1] 



SI 


S2 


S3 


Posture 


0 


0 


1 


Supine Position 


1 


1 


0 


Prone Position 


0 


1 


0 


Right-facing Position 


1 


0 


0 


Left-facing Position 


0 


0 


0 


Sitting Position 



[0016] 

In Table 1, the respective output signals of the mercury switches SI -S3 are indicated as "1" if 
they are ON and as "0" if they are OFF. 

[0017] 

Again referring to FIG. 1, a reference numeral 3 denotes a waveform shaping circuit that is 
configured with, for example, three Schmitt trigger gates A1-A3, etc. One input terminals of 
the gates are connected to the respective mercury switches SI -S3, and the other input terminals 
are commonly connected and supplied with, for example, a positive direct current potential V for 
adjustment in consideration of a noise level, etc. An output terminal of each of the Schmitt 
trigger gates A1-A3 is connected to a ROM 4, which will be described in the following, and a 
voltage level switch 9 (described later). The stable detection signals, for example, in pulse 
waveforms can be obtained by providing the waveform shaping circuit 3 in a case that the output 
voltages of the mercury switches SI -S3 fluctuate or that any noise is detected. 
[0018] 

A reference numeral 4 denotes the ROM which previously stores display pattern data 
corresponding to the plurality of postures and outputs the pattern data corresponding to the 
posture of the subject according to a combination of the detection signals from the mercury 
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switches SI -S3 in the posture sensor 1. 
[0019] 

A reference numeral 5 denotes, for example, a hexadecimal counter which is incremented by a 
clock pulse from, for example, a quartz crystal oscillator 6, outputs an addressing signal for 
reading the posture display pattem data stored in the ROM 4, and permits the ROM 4 to output 
the posture display pattem data in response to the detection signals of the mercury switches 
SI -S3 in the posture sensor 1. 
[0020] 

A reference numeral 7 denotes a digital/analog converter which converts the posture display 
pattem data outputted from the ROM 4 to analogue signal and outputs the converted analogue 
data via an amplifier 8. 
[0021] 

A reference numeral 9 denotes the voltage level switch which is configured with, for example, an 
analog switch and a reference numeral 10 denotes a voltage divider having a plurality of voltage 
dividing resistances. The voltage level switch 9 is connected to the output terminals of the 
Schmitt trigger gate A1-A3 in the waveform shaping circuit 3, and outputs a voltage division 
signal of the voltage divider 10 at the level corresponding to the posture. Similarly to 
conventional cases, the configuration of the voltage level switch 9 and the voltage divider 10 are 
for measuring the postures to be detected as an analog value. In such a case, the output voltage 
division signal, for example, the signals from 0 to 1 volt (V) can be represented as signals that 
are stepwise increased by 0.25 V, and the signal can thereby correspond to the posture detected 
by the mercury switches S1-S3. Specifically, the voltage division signal is preset such that the 
voltage division signal of 0 V corresponds to the supine position, 0.25 V to the prone position, 
0.5 V to the left-facing position, 0.75 V to the right-facing position, and 1 V to the sitting 
posifion. 
[0022] 

As shown in FIG. 4, the posture display pattem data stored in the ROM 4 may correspond to the 
states to which the sleeping subject changes his/her posture. In FIG. 4, FIG. 4A shows a 
waveform such that sinusoidal halfwaves which open upward repeat for the supine state of the 
subject. FIG. 4B shows a waveform such that sinusoidal halfwaves which open downward 
oppositely to FIG 4A repeat for the prone state of the subject. FIG 4C shows a sawtooth 
waveform with the right side of each tooth down for the left-facing state of the subject. FIG. 
4D shows a sawtooth waveform with the left side of each tooth down for the right-facing state. 
FIG. 4E shows a pulse waveform for the sitting state of the subject. Such posture display 
patterns are outputted and displayed, and the posture state of the sleeping subject can be thereby 
interpreted at a glance. 
[0023] 

A reference numeral 1 1 denotes, for example, a display device such as a CRT or a liquid crystal 
display for displaying the respiratory movement (respiratory curve) detected by the respiration 
sensor R, the display patterns corresponding to the postures detected by the mercury switches 
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S1-S3, the voltage values corresponding to the postures output by the voltage level switch 9, etc. 
[0024] 

Next, the operation of the device with the above-described configuration will be described. The 
posture sensor 1 is mounted on the subject, and the posture and the respiratory movement are 
detected by the mercury switches SI -S3 and the respiration sensor R. The detected respiration 
signal is sent to the display device 1 1 via the amplifier 2. The respiratory curve is displayed on 
the display device 1 1 and monitored. 
[0025] 

The posture signals detected by the mercuiy switches SI -S3 are sent to the ROM 4 via the 
waveform shaping circuit 3. The ROM 4 outputs the posture display pattern data having an 
address that is determined by the ON and/or OFF signals of the mercury switches S1-S3, 
according to the addressing signal outputted from the counter 5. 
[0026] 

The posture display pattern data read from the ROM 4 is converted to the analog signal by the 
digital/analog converter 7 and outputted to the display device 11. The display device 11 
displays one of the display patterns shown in FIG. 4 in response to the detected posture. At this 
time, the respiratory curve detected by the respiration sensor R is simultaneously displayed and 
monitored. 
[0027] 

Each of the output signals of the waveform formation circuit 3 is sent to the voltage level switch 
9. The voltage division signal set by the voltage divider 10 is outputted, in response to the 
posture detected by the mercury switches S1-S3, to the display device 11 and displayed. 
Therefore, in a case that the posture display pattern corresponding to the posture shown in FIG. 4 
cannot be outputted for any reasons, the displayed voltage value is checked, and the posture can 
be thereby interpreted. 
[0028] 

As described above, the mercury switches SI -S3 for detecting the posture and the respiration 
sensor R are unified into the posture sensor 1 so that the posture sensor can be mounted on the 
living body. Accordingly, the posture and the respiratoiy movement of the subject can be 
simultaneously detected with less uncomfortableness to the subject. Since the posture display 
pattern can be displayed in response to the posture detected by the posture sensor 1, the posture 
state during sleep can be interpreted at a glance. 
[0029] 

The present invention is not limited to the above-described embodiment, and other various 
configurations can be of course applied without departing from the gist of the present invention. 
[0030] 

[Effect of the Invention] 

As described in the foregoing, the present invention allows the simultaneous detections of the 
posture and the respiratory movement during sleep, therefore reducing the time required for 
measurement preparation and fiirther facilitating the handling of the lead wires. 
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[0031] 

Further, when the posture is detected, the posture display pattern corresponding to the posture 
can be displayed. Accordingly, the posture state of the sleeping subject can be interpreted at a 
glance. 
[0032] 

The mercury switches, which detect the posture, can be discretely attached to the belt. This 
results in advantages that pressure on the chest of the subject in the prone state can be reduced 
and uncomfortableness due to the mounting can be also reduced. 

[Brief Description of Drawings] 

FIG. 1 is a block diagram, illustrating a posture sensor device in accordance with the present 
invention. 

FIG. 2 is a block diagram of a posture sensor used in an embodiment. 
FIG. 3 illustrates a mounting state of the posture sensor of FIG 2. 
FIG. 4 illustrates posture display patterns in the embodiment. 
FIG. 5 illustrates a mounting state of a conventional posture sensor . 
FIG. 6 is a block diagram of a conventional posture sensor. 

FIG. 7 is a schematic block diagram of a mercury switch used for the posture sensor of FIG. 

6. 

[Description of Reference Numerals and Symbols] 
1: posture sensor 
4: ROM 

5: counter 

SI, S2, S3: mercury switch 
R: respiration sensor 
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FIG. 1 



Posture sensor 



Mercury switch 
R: Respira 



Respiration sensor 
Amplifier 
Counter 

Waveform shaping circuit 
Voltage level switch 
Voltage divider 
Amplifier 



2: 



5: 



3: 



9: 



10: 



8: 



1 1 : Display device 

Block diagram of posture sensor device of the present invention 
FIG.2 

MT: Fastening member 
20: Belt 

R: Respiration sensor 

S 1 , S2, S3 : Mercury switch 

FIG.3 

S 1 : Mercury switch 
SI, S3: Mercury switch 
R: Respiration sensor 

Example schematically showing mounting state of posture sensor in FIG 2 



FIG.4 



A: Supine position 
B: Prone position 



C: Left-facing position 
D: Right-facing position 
E: Sitting position 

Examples of posture display pattern for the embodiment 



FIGS 

Sh: Posture sensor to measurement device 
Example of mounting of conventional posture sensor 



FIG.6 

60: Main body 
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61: Lead wire 

Schematic diagram of conventional posture sensor 
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FIG.7 

Ea: Electrode 

Hg: Mercury 
Eb: Electrode 

Schematic diagram of mercury switch in FIG 6. 
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